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stone   with   large   white   calcareous   lumps   probably   representing   caliche   con-
centrations or  possibly  oncalites.   The  bones  are  nearly  white  and  contrast

sharply   with   the   surrounding   matrix.   The   remains   include   a   posterior   cer-
vical  vertebra,   a   fragmentary   dorsal   vertebra,   vertebral   fragments,   rib   frag-

ments  and   polygonal   armor   plates.   These   clearly   pertain   to   a   very   large
parasuchian*  .   Even   though   the   Dulles   specimen   is   extremely   fragmentary,
because   it   is   the   first   evidence   for   parasuchians   reported   from   the   Culpeper
basin   (and   indeed   the   only   tetrapod   skeletal   remains   of   any   kind   reported
from   the   basin)   it   is   still   an   important   find.   Although   this   specimen   was
passingly   mentioned   by   Eggleton   (1975),   based   on   its   identification   as   a
parasuchian   by   Nicholas   Hotton   III   of   the   Smithsonian   Institution,   so   far
no   detailed,   widely   available   account   has   been   published.   Since   parasuchi-

ans  are   universally   accepted   as   good   indicators   of   Late   Triassic   age,   this
specimen   offers   independent   evidence   to   support   the   contention   of   Cornet
(1977)   that   much   of   the   lower   Culpeper   basin   belongs   within   the   upper
Triassic   system   as   has   been   traditionally   assumed.

Gregory   (1962a)   undertook   a   major   revision   of   the   parasuchia   which   re-
sulted  in   the   strong   reduction   of   a   plethora   of   generic   names   to   only   four

applicable   to   American   material:   Angistorhinus  ,   Paleorhinus,   Rutiodon,
and   Phytosaurus.   Among   the   species   which   he   accepted   as   valid,   only   a
few   assignable   to   Rutiodon   and   Phytosaurus   equal   the   size   of   the   Dulles
specimen.   Since   the   irregularly   polygonal   and   subequant   shapes   of   the   ar-

mor  plates   preclude   placement   of   the   Dulles   specimen   in   the   genus   Phyto-
saurus  as   currently   defined   (Baird,   as   acknowledged   in   Colbert,   1965)   and

since   all   parasuchian   material   so   far   known   from   elsewhere   in   the   Newark
Supergroup   seems   referable   to   Rutiodon   (Colbert,   1965)   the   Dulles   speci-

men  can   be   placed   within   this   genus   with   some   confidence.
At   the   species   level,   the   status   of   Newark   parasuchians   is   thoroughly

unclear.   Lea   (1851)   was   the   first   to   describe   a   fragmentary,   large   parasu-
chian  skeleton   from   the   Pennsylvania   Gettysburg   basin,   which   he   named

Clepsysaurus   pennsylvanicus.   Soon   after,   Emmons   described   two   smaller
species,   Rutiodon   carolinensis   (1856)   and   Rutiodon   sulcatus   (1857),   on   the
basis   of   fragmentary   material   from   the   North   Carolina   Deep   River   basin.
Both   Rutiodon   types   are   now   in   the   United   States   National   Museum   col-

lections.  The   type   of   R.   sulcatus   is   distinctive;   it   is   a   valid   taxon   and   an
archosaur,   but   almost   certainly   it   is   not   a   parasuchian.   Emmons   (1860)   later
described   more   complete   cranial   remains   of   R.   carolinensis   and   McGregor
(1906)   described   most   of   the   postcranial   skeleton   based   on   bones   from   nu-

merous  individuals   recovered   in   the   type   area.   As   a   result   of   these   papers,
as   well   as   Gregory's   significant   re-analysis   of   the   skull   (1962b),   R.   caroli-

*  Parasuchians  have  commonly  also  been  called  phytosaurs,  but  the  latter  name  recently  has
been  considered  less  proper  (Chatterjee,  1978).
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Fig.  2.  A,  Lateral  view  of  best  preserved  cervical  vertebra  from  the  Dulles  parasuchian,
slightly  distorted  from  compression;  B,  Armor  plate  recovered  with  the  Dulles  parasuchian.
Maximum  length  is  10.5  cm.;  C,  Armor  plate  recovered  with  the  Dulles  parasuchian.  Maximum
length,  6.3  cm.

nensis   is   now   fairly   well   known,   assuming   all   parts   are   correctly   assigned
to   only   one   species.   A   second   skull   from   the   Deep   River   basin,   described
by   Marsh   (1896)   as   ''Rhytidodon   rostratus,''   is   almost   certainly   also   refer-

able  to   R.   carolinensis   (Gregory,   1962b).   In   1913,   Huene   described   remains
of   another,   much   larger   parasuchian   from   the   Palisades   bluff   on   the   Hudson
River   near   New   York   City   as   Rutiodon   manhattanensis.   A   few   years   later
Sinclair   (1918)   described   fragments   of   yet   another   very   large   parasuchian
from   Pennsylvania   which   he   chose   to   refer   to   Huene's   R.   manhattanensis.
Neither   specimen   included   a   skull,   though   a   fair   portion   of   the   postcranial
skeleton   was   represented.   Since   the   best   and   most   reliable   diagnostic   char-

acters  are   in   the   skull   (Gregory,   1962a),   at   present   only   large   size   really
separates   R.   manhattanensis   from   R.   carolinensis.   Thus   Colbert,   when   he
described   a   small   skull   from   the   Lockatong   Formation   of   New   Jersey   at
Fort   Lee   (1965)   was   compelled   to   assign   it   to   Rutiodon   carolinensis   (with
which   it   is   fully   comparable)   rather   than   to   a   young   R.   manhattanensis   (for
which   the   skull   is   unknown),   while   acknowledging   the   impossibility   of   mak-

ing  too   firm   a   decision   in   view   of   how   poorly   R.   manhattanensis   is   known.
Camp   (1930)   and   Colbert   and   Chaffee   (1941)   accepted   Clepsysaurus   penn-
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Fig.  3.     (Left)  Posterior  view  of  the  cervical  figured  in  Fig.  2A;  (Right)  anterior  view  of
the  cervical  figured  in  Fig.  2A.

sylvanicus   as   a   valid   species,   but   more   recently   the   trend   has   been   to   syn-
onymize   it   with   R.   manhattanensis   which   constitutes   a   much   more   diag-

nostic  type   (see   Colbert   [1965]   for   a   thorough   discussion   of   this   problem).
Thus   Clepsysaurus   pennsylvanicus   has   been   relegated   to   the   status   of   a
nomen   dubium.   Yet   even   the   validity   of   Rutiodon   manhattanensis   is   none
too   certain.   Only   size   presently   distinguishes   R.   manhattanensis   from   R.
carolinensis.   It   is   entirely   possible   that   some   environmental   bias   in   the   New-

ark  basins   causes   us   to   find   only   young   or   only   old   specimens   of   Rutiodon
but   not   both   together;   perhaps   Rutiodon   was   a   swamp   or   lake   dweller   as
a   juvenile   and   an   upland   dweller   as   an   adult   (an   idea   partially   developed   by
Gregory,   1962a,   p.   688).   If   so,   R.   manhattanenesis   and   R.   carolinensis   may
really   be   only   different   age   groups   of   the   same   species.   Thus   either   one   or
two   species   of   Rutiodon   are   known   to   be   present   in   the   Newark   Supergroup,
depending   upon   the   preferences   and   biases   of   the   worker.   In   view   of   the
existence   of   this   state   of   taxonomic   ambiguity,   no   purpose   would   be   served
by   firmly   assigning   the   Dulles   material   to   either   existing   species   or   to   a   new
species.   Though   stratigraphically   significant,   it   is   best   for   now   to   assign   this
specimen   to   Rutiodon   cf.   manhattanensis   until   new   and   much   more   com-

plete  material   from   a   number   of   the   Newark   basins   permits   a   fresh   and
meaningful   look   at   the   intricacies   of   Newark   parasuchian   taxonomy.



VOLUME   92,   NUMBER   4   687

Acknowledgments

The   author   wishes   to   gratefully   acknowledge   the   following   individuals   for
kindly   reading   and   criticizing   the   manuscript   for   this   paper:   Dr.   Donald
Baird   (Princeton   University),   Dr.   Nicholas   Hotton   III   (U.S.   National   Mu-

seum),  Dr.   K.   Y.   Lee   (U.S.   Geological   Survey)   and   Dr.   Roy   C.   Lindholm
(George   Washington   University).

Literature   Cited

Camp,  C.  1930.  A  study  of  the  phytosaurs  with  descriptions  of  new  material  from  North
America. — Mem.  Univ.  California  10:1-174.

Chatterjee,  S.  1978.  A  primitive  parasuchid  (phytosaur)  reptile  from  the  Upper  Triassic  Maleri
Formation  of  India. — Palaeontol.  21(1):83-127.

Colbert,  E.  1965.  A  phytosaur  from  North  Bergen,  New  Jersey. — American  Mus.  Novitates
2230: 1-25.
,  and  Chaffee,  R.   1941.  The  type  of  Clepsysaurus  pennsylvanicus  and  its  bearing  upon
the  genus  Rutiodon. — Notulae  Nat.,  Acad.  Nat.  Sci.  Philadelphia  90:1-19.

Comet,  B.  1977.  The  palynostratigraphy  and  age  of  the  Newark  Supergroup. — Ph.D.  disser-
tation, the  Pennsylvania  State  Univ.,  Univ.  Park,  Pennsylvania,  505  p.

,  Traverse,  A.,  and  McDonald,  N.  1973.  Fossil  spores,  pollen  and  fishes  from  Con-
necticut indicate  Early  Jurassic  age  for  part  of  the  Newark  Group. — Science  182:1243-

1247.
Eggleton,  R.  E.  1975.  Preliminary  geologic  map  of  the  Herndon  quadrangle,  Virginia. — U.S.

Geol.  Survey  open-file  report  75-386,  scale  1:24,000.
Emmons,  E.  1856.  Geological  Report  on  the  Midland  Counties  of  North  Carolina. — G.  P.

Putnam  and  Co.,  Raleigh,  N.C.,  352  p.
.    1857.  American  Geology,  containing  a  Statement  of  the  Principles  of  the  Science,
with  full  Illustrations  of  the  Characteristic  American  Fossils,  with  an  Atlas  and  a  Geo-

logical Map  of  the  United  States,  Part  6. — Albany,  N.Y.,  152  p.
.   1860.  Manual  of  Geology ,  2nd  ed — New  York.

Gregory,  J.   1962a,  The  genera  of  phytosaurs. — American  Jour.  Sci.  260:652-690.
.  1962b.  The  relationships  of  the  American  phytosaur  Rutiodon. — American  Mus.  Nov-

itates 2095:1-22.
Huene,  F.  von.  1913.  A  new  Phytosaur  from  the  Palisades  near  New  York. — Bull.  American

Mus.  Nat.  Hist.  32(15):275-284.
Lea,  I.  1851.  Remarks  on  Clepsysaurus  pennsylvanicus. — Proc.  Acad.  Nat.  Sci.  Philadelphia

5:205.
Lee,  K.  Y.  1977.  Triassic  stratigraphy  in  the  northern  part  of  the  Culpeper  basin,  Virginia

and  Maryland.— United  States  Geol.  Survey  Bull.  1422-C,  17  p.
Marsh,  O.  1896.  A  new  belodont  reptile  (Stegomus)  from  the  Connecticut  River  sandstone. —

American  Jour.  Sci.,  ser.  4,  2:59-62.
McGregor,  J.   1906.  The  phytosauria,  with  especial  reference  to  Mystriosuchus  and  Rutio-

don.— Mem.  American  Mus.  Nat.  Hist.  9:29-101.
Olsen,  P.  1978.  On  the  use  of  the  term  Newark  for  Triassic  and  Early  Jurassic  rocks  of  eastern

North  America.— Newsl.  Stratigr.  7(2):  90-95.
Roberts,  J.   1928.  The  geology  of  the  Virginia  Triassic. — Virginia  Geol.  Survey  Bull.  29: 1-205.
Schaefifer,  B.,  and  McDonald,  N.  G.  1978.  Redfieldiid  fishes  from  the  Triassic-Liassic  Newark

Supergroup  of  Eastern  North  America. — Bull.  American  Mus.  Nat.  Hist.  159(94):  129-
174.



688   PROCEEDINGS   OF   THE   BIOLOGICAL   SOCIETY   OF   WASHINGTON

Sinclair,  W.    1918.  A  large  parasuchian  from  the  Triassic  of  Pennsylvania. — American  Jour.
Sci.,  ser.  4,  45:457-462.

Stop   928,   U.S.   Geological   Survey,   Reston,   VA   22092.



PROC.   BIOL.   SOC.   WASH.
92(4),  1979,  pp.  689-696

COMMENTS   ON   THE   PHYLOGENY   OF

PERCHING   BIRDS

Alan   Feduccia

Abstract.  —  The   bony   stapes   (columella)   is   a   unique   character   in   birds   in
that   the   primitive   condition   is   the   retained   reptihan   condition   of   the   element,
and   derived   ''pockets"   of   stapedial   morphologies   occur   that   may   be   of
importance   in   clarifying   certain   phylogenetic   relationships.   Scanning   elec-

tron  micrographs   (SEM's)   of   various   views   of   stapes   of   suboscines,   certain
coraciiforms   and   trogons   are   here   presented   and   reveal   with   clarity   the
manifest   differences   betweeen   suboscines   and   the   alcediniform   coraci-

iforms.  These   new   data,   combined   with   new   data   from   sperm   morphology
of   suboscines,   suggests   that   the   Passeriformes   is   a   monophyletic   assem-

blage,  that   the   suboscine   and   alcediniform   stapes   evolved   independently,
and   that   the   suboscines   are   more   closely   related   to   the   oscines   than   to   the
alcediniforms.

In   a   previous   paper   (Feduccia,   1977),   I   proposed   a   hypothetical   phylogeny
of   the   passerines   and   related   avian   groups,   birds   that   have   presented   difficult
phylogenetic   problems   because   of   their   morphological   uniformity   and   the
probability   of   massive   convergent   evolution.   My   reconstruction   was   based
primarily   on   the   discovery   of   a   new   avian   taxonomic   character,   the   config-

uration  of   the   bony   stapes   or   columella,   which   had   until   recently   been   over-
looked  because   of   its   minute   size   (one   to   several   mm)   and   its   location   in

the   recesses   of   the   middle   ear   cavity.   In   addition,   it   is   often   broken   or   lost
in   skeletal   preparations.   The   avian   stapes   is   perhaps   unique   as   an   avian
morphological   character   in   that   the   primitive   condition   is   the   retained   rep-

tilian  stapedial   morphology,   which   is   characteristic   of   most   groups   of   birds.
In   some   groups,   however,   the   stapes   exhibits   pecuHar   derived   morpholo-

gies.  Where   these   ''pockets"   of   derived   stapedial   morphologies   are   found
they   are   considered   as   strong   indications   of   evolutionary   affinity,   unless
there   are   compelling   reasons   to   assume   that   the   morphological   similarities
are   due   to   convergent   evolution.

I   made   the   following   broad   conclusions   (Feduccia,   1977).   First,   the   hoo-
poes  (Upupidae)   and   wood-hoopoes   (Phoeniculidae)   are   monophyletic   with-

in  the   Coraciiformes   {sensu   Wetmore   1960);   previously   there   was   consid-
erable  dispute   as   to   their   relatedness.   These   two   families   are   characterized

by   a   stapedial   morphology   that   is   termed   the   "anvil"   stapes   and   is   illustrated
in   Fig.   1.   Second,   the   coraciiform   families   containing   the   bee-eaters   (Mer-
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Fig.  L     Views  along  the  lengths  of  the  bony  stapes  of  a  hoopoe  (Upupa  epops),  left;  and  a
wood-hoopoe  (Phoeniculus  purpureas),  right.  SEM's  x  40,  and  reduced  here  xl/3.

opidae),   kingfishers   (Alcedinidae),   motmots   (Momotidae),   and   todies   (To-
didae)   all   possess   a   peculiar   derived   stapedial   morphology   characterized   by
a   bulbous   footplate   (with   particular   conformations;   see   Feduccia,   1975)   that
is   shared   with   the   trogons   (Trogonidae).   I   concluded   that   this   bee-eater/
kingfisher/motmot/tody   assemblage   is   monophyletic,   and   that   the   trogons
are   allied   with   it.   Trogons   had   until   then   been   placed   in   a   monotypic   order,
the   Trogoniformes,   and   there   was   little   but   speculation   as   to   their   phylo-
genetic   relationships.   I   proposed   that   these   families   (including   the   trogons)
be   combined   in   a   separate   order   Alcediniformes   close   to   the   old   order   Cor-
aciiformes,   clearly   their   sister   group.   The   separation   of   the   Alcediniformes
as   a   distinctive   order   is   a   matter   of   personal   taxonomic   preference.   Figure
2   illustrates   three   views   of   the   stapes   of   a   kingfisher,   Ceryle   rudis,   and   a
trogon,   Priotelus   temnurus.   There   is   more   stapedial   variation   within   the
families   of   the   coraciiform   "alcediniforms"   than   between   the   trogon   and
kingfisher   illustrated   here.

The   third   conclusion,   which   now   demands   modification   in   view   of   new
evidence   that   has   recently   come   to   light,   was   that   the   suboscines   (classically
the   suborder   Tyranni   of   the   Pas   serif  ormes)   and   the   oscines   (Passeres)   did
not   share   an   immediate   common   ancestor,   and   that   the   classical   order   Pas-
seriformes   was   not   monophyletic.

The   point   focal   to   the   discussion   of   passerine   relationships   involves   the
fact   that   while   the   morphologically   uniform   (and   presumably   more   advanced
structurally)   oscines   retain   the   primitive   condition   of   the   stapes,   the   subos-

cines  have   a   derived   stapedial   morphology   characterized   by   a   bulbous   foot-
plate  region   with   certain   peculiarities.   Suboscines,   structurally   more   prim-
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